Abstract-Posttraumatic stress disorder (PTSD) is a highpriority treatment area for the Veterans Health Administration (VHA), and dissemination patterns of innovative, efficacious therapies can inform areas for potential improvement of diffusion efforts and quality prescribing. In this study, we replicated a prior examination of the period prevalence of prazosin use as a function of distance from the Puget Sound Department of Veterans Affairs Healthcare System in Seattle, Washington, where prazosin was first tested as an effective treatment for PTSD and where prazosin use was previously shown to be much greater than in other parts of the United States. We tested the following three hypotheses related to prazosin geographic diffusion: (1) no geographical correlation exists between prazosin use and serotonin reuptake inhibitor/serotonin norepinephrine reuptake inhibitor (SSRI/SNRI) use, (2) an inverse geographic correlation exists between prazosin and benzodiazepine use, and (3) a positive geographical correlation exists between the distance from Puget Sound and the proportion of users treated according to a guideline recommended minimum therapeutic target dose (6 mg/d). Among a national sample of Veterans with PTSD, overall prazosin utilization increased from 5.5% to 14.8% from 2006 to 2012. During this time period, rates at the Puget Sound location declined from 34.4% to 29.9%, whereas utilization rates at locations a minimum of 2,500 miles away increased from 3.0% to 12.8%. Rates of minimum target dosing fell from 42.6% to 34.6% at the Puget Sound location. In contrast, at distances of at least 2,500 miles from Puget Sound, minimum threshold dosing rates remained stable (range: 18.6%-17.7%). No discernible association was demonstrated between SSRI/SNRI or benzodiazepine utilization and the geographic distance from Puget Sound. Minimal threshold dosing of prazosin correlated positively with increased diffusion of prazosin use, but there was still a distance diffusion gradient. Although prazosin adoption has improved, geographic differences persist in both prescribing rates and minimum target dosing. Importantly, these regional disparities appear to be limited to prazosin prescribing and are not meaningfully correlated with SSRI/SNRI and benzodiazepine use as indicators of PTSD prescribing quality. 
INTRODUCTION
Posttraumatic stress disorder (PTSD) affects >500,000 Veterans actively enrolled in the Veterans Health Administration (VHA) and is among the most significant illnesses resulting from combat duty [1] . Current VHA clinical practice guidelines (CPGs) support the routine use of selective serotonin reuptake inhibitors/selective serotonin norepinephrine reuptake inhibitors (SSRI/ SNRIs) [2] . Because SSRI/SNRI monotherapy often falls short in clinical effectiveness, adjunctive or alternative treatments are frequently prescribed for many patients [3] . Current VHA CPGs recognize prazosin as an evidence-based treatment for traumatic nightmares, but there are few efficacy trials involving prazosin in the global treatment of PTSD [2, [4] [5] .
Evidence also reveals that SSRI/SNRIs are prescribed widely throughout the VHA system [6] [7] [8] ; in contrast, the pattern of prazosin use exhibits an interesting pattern of geographical diffusion emanating from the Puget Sound Department of Veterans Affairs (VA) Health Care System in Seattle, Washington [9] [10] . In part this could be because prazosin is only recommended as a treatment for traumatic nightmares and not for global PTSD symptoms per se. In 2004, the 1 yr period prevalence of prazosin in Veterans with PTSD was 38 percent among Puget Sound patients, declining to 18 percent at VHA sites within 500 miles, and progressively down to only 2 percent at sites 2,500 miles from Puget Sound [10] . Analyses from fiscal year (FY) 2012 showed that prazosin prescribing rates were generally similar (i.e., 33%) at Puget Sound; in contrast, among sites greater than 2,500 miles away there were substantial gains in utilization, increasing from 2 to 15 percent [9] . Thus, Hermes et al. have suggested that a persistent disparity in prazosin prescribing might indicate the natural course of dissemination of new treatment approaches; that is, champions for a specific practice could be situated in or close to a specific geographic locale [9] .
As a result of this observation by Hermes et al., we aimed to test whether the geographic diffusion gradient evident for prazosin prescribing reflected regional variations in the delivery of other PTSD pharmacotherapy care as measured by three quality prescribing indicators:
(1) SSRI/SNRI use, (2) benzodiazepine use, or (3) minimal threshold prazosin daily dosing. We aimed to expand on the findings of Hermes et al. by complementing the prazosin utilization data with these three quality PTSD prescribing measures among a national sample of Veterans who had a diagnosis of PTSD and were prescribed prazosin. We tested three hypotheses related to the PTSD quality prescribing measures.
First, we hypothesized that there would be no geographical correlation between the patterns of prazosin and SSRI/SNRI use. Second, we hypothesized that the geographical diffusion gradient of prazosin would be inversely correlated with benzodiazepine use, presumably because prazosin is a more selective and effective agent for PTSD-related symptoms (e.g., especially arousal) for which benzodiazepines are often prescribed and because practitioners are now looking for alternative treatments since the routine use of benzodiazepines is generally discouraged. If systems were in place to promote and encourage the use of innovative therapies, those same systems may improve adherence to current PTSD pharmacotherapy guidelines. Third, we hypothesized that there would be a positive correlation of regional diffusion and prazosin minimal threshold dosing (>6 mg/d) [2] . We hypothesized that if VHA systems were utilizing prazosin then they would be dosing it according to existing guidelines [2] .
If differences exist for either SSRI/SNRI or benzodiazepine use, such findings would support the justification for more deliberate efforts to identify and target those systems with lower than national average prazosin use or, at a minimum, support qualitative assessments in order to gain insights into the characteristics of those delivery systems.
METHODS

Study Design and Data Sources
Annual prevalence rates of prazosin use in Veterans with PTSD were determined over a 7 yr time period, stratified by distance bands radiating from the Puget Sound VA Health Care System. 
Patients and Facilities
Veterans with PTSD as a primary or secondary diagnostic code of PTSD on at least one outpatient encounter or one inpatient discharge during that year (FYs 2006 and 2012) were identified independently for each year of the study period. We defined PTSD according to the International Classification of Diseases-9th Revision (ICD-9), using 309.81 as the ICD-9 code. This case definition was used in the original prazosin diffusion article and in several subsequent studies of PTSD prescribing practices in VA [6] [7] [9] [10] [11] . Each patient was assigned to a single VHA medical center based on the site of a majority of their PTSD coded encounters. The distance of each VHA medical center to the Puget Sound VHA medical center in Seattle, Washington, was determined using geocoded address information for each medical center as the reference point. Distances were categorized as 0 miles (including Puget Sound VA Health Care System locations in Seattle and Tacoma, Washington), up to 499 miles, 500 to 999 miles, 1,000 to 2,499 miles, and 2,500 miles or farther from Puget Sound [9] [10] .
Medication Exposure
We determined annual period prevalence rates of prazosin use separately for each year of the study period. Thus, patients with any outpatient prescription fill for prazosin during a given year were considered prazosin users for that year, regardless of quantity or days supply received. Prazosin daily doses were estimated for each prescription fill based on the quantity, days supply, and unit strength dispensed. The estimated dose for all fills during a given year was then used to identify the maximum prazosin dose taken by each patient during that year. We characterized the maximum prazosin dose in terms of the proportion of patients receiving 6 mg/d, the guideline recommended dose for an adequate trial for PTSD treatment [2] [3] . We also conducted analyses using modal doses, or the most commonly dispensed dose over the course of the year, and yielded similar findings to maximum doses (data not presented). Period prevalence rates were also determined for SSRI/SNRIs and benzodiazepines using identical methods to prazosin rates. Our goal was to determine whether if the relationship between prescribing rate and distance from Puget Sound was unique to prazosin or whether it also existed for other psychiatric medications. These classes were selected as contrasts to prazosin because VHA/Department of Defense (DOD) guidelines support SSRI/SNRI as the primary first-line pharmacotherapy option for PTSD and, in contrast, recommend against the routine use of benzodiazepines [2] .
Statistical Analyses
We tested associations between prescribing indicator frequency and radiating distance bands from Puget Sound using the Cochran-Armitage test for trend. In addition to these large regional relationships, we also explored Spearman rank correlations (rho) between prazosin prevalence and the remaining indicator frequencies calculated at the facility level, across 138 VHA medical centers. Subanalysis included exploration for a pattern of geographical differences in the combined utilization of prazosin and SSRI/SNRI prescriptions among VHA facilities distant to Puget Sound. We used SAS version 9.3 for all statistical analyses.
RESULTS
The number of Veterans with PTSD seeking care in the VHA more than doubled between FY 2006 and FY 2012, from 300,583 to 640,036. We also identified other significant changes in the demographics between FY 2006 and FY 2012, such as a decrease in average age (from 55.5 yr in 2006 to 53.6 yr in 2012), an increase in the percent of women treated (6.7% to 8.6%), and increase in service connection of at least 50 percent for PTSD (54.4% to 60%). Next, we examined the rates of prazosin usage and the quality indicator of rates of minimum threshold prazosin daily dosing (6 mg/d) as a function of geographic distance from Puget Sound from FY 2006 to FY 2012 ( Table 2) . For both study years, the Puget Sound band recorded the highest prazosin usage and threshold dosing, yet we observed a notable decrease for prazosin utilization (34.4% to 29.9%) and prazosin threshold dosing (42.6% to 34.6%) from FY 2006 to FY 2012. For all other distance bands, prazosin prevalence and threshold dosing either increased or remained static from FY 2006 to FY 2012, except for the 1,000 to 2,499 miles distance band, for which there was a decrease of nearly 4 percent for threshold prazosin dosing.
We found no clear association between prescribing frequencies for other common pharmacotherapies for PTSD as distances increased. Table 2 denotes statistically significant but very small absolute variations in use of these agents over the distance bands; we found no emerging consistent patterns between the distance bands and prescribing frequencies of SSRI/SNRIs and benzodiazepines. In addition, we further explored associations at the facility-level among prescribing indicator frequencies. Across 138 VHA medical centers in FY 2012, the facility level prevalence of prazosin use was associated with the proportion of prazosin users prescribed 6 mg/d (rho = 0.36, p < 0.001), but not significantly correlated with facility-level prevalence rates of SSRI/SNRIs (rho = 0.10, p = 0.25) or benzodiazepines (rho = 0.07, p = 0.40).
Similarly, we observed no discernable geographical pattern for rates of prazosin and SSRI/SNRI combination use comparing the Puget Sound region (69.5%) with facilities within 500 miles (66.2%), while combination rates were SSRI/SNRI = serotonin reuptake inhibitor/serotonin norepinephrine reuptake inhibitor.
practices since both guideline-endorsed (SSRI/SNRI) and not endorsed treatments do not exhibit a geographic gradient based on distance from Puget Sound. Two additional findings dovetail with these results. Although Table 2 demonstrates a (statistically) significant trend toward benzodiazepines and SSRI/SNRI prescribing, the absolute differences are essentially insignificant in clinical practice. Such findings are commonly seen in large observational data analyses. Subanalyses of prazosin and SSRI/SNRI combination did not reveal a discernable geographic pattern. Taken together, these findings support the finding of a geographic gradient in prazosin use, which can be explained by progressive diffusion of this specific innovation, which has not occurred for other medications.
There exists a large and consistent evidence base of efficacy for prazosin use in a Veteran population with nightmares associated with PTSD. As such, it is an ideal medication for evaluation of diffusion patterns to identify locations of care where increased dosing or utilization may benefit the Veterans with PTSD. Several providerbased variables likely influence the diffusion of prazosin: (1) the degree of provider familiarity and/or awareness of the risks and benefits of its use, (2) providers' evaluation or awareness of clinical trial evidence, and (3) providers' general propensity for adoption of new therapies [12] .
Theoretically, once fully adopted, the population curve of adopters usually follows a bell curve distribution with each section of the curve representing groups of individuals sharing common characteristics related to that innovation. For example, in the smallest group the innovators (2.5%) are responsible for identifying and defining the benefits of the innovation, which is followed by the early adopters (13.5%) who tend to be closely associated with the originators or respected thought leaders in their clinical areas. We therefore postulate that prazosin distribution across the VHA may be inhibited by limited informational support to mental health providers about off-label use of prazosin, related risk-benefit ratios, and its clinical indications according to the VA/DOD PTSD CPG.
Mental health care providers are responsible for approximately 65 percent of the prescriptions for PTSD in the VHA system [8] . Therefore, a fundamental issue in prazosin use in the VHA may be the degree of familiarity and awareness of prazosin risks and benefits, as this drug is not in a medication class generally prescribed by mental health providers. The differences observed in prazosin dosing across the country may be related to a degree of reluctance among mental health clinicians who, in general, lack experience in managing blood pressure; this may be a required skill when prescribing higher prazosin doses indicated for PTSD compared with the lower doses used to treat benign prostatic hypertrophy (BPH) or hypertension (dosing ranges 1-5 mg twice daily) [13] . While hypotensive problems are uncommon in its use, it also could be that clinicians outside of Puget Sound may be more adept at recognizing the limited effectiveness of the higher dosing of prazosin for certain PTSD populations and therefore have been dosing prazosin less aggressively. Elucidation of the exact explanation for these observations will require further, more focused research efforts. To this end, recent findings by Raskind et. al. have noted improved response to prazosin in those with elevated baseline blood pressures, providing a biological marker that may be predictive for prazosin response [14] . In a recent randomized controlled trial involving 67 subjects receiving prazosin, investigators monitored standing systolic blood pressure and orthostatic blood pressure changes. They reported a correlation with adrenergic tone, which in turn was found to be strongly associated with PTSD symptom response to prazosin. In effect, these parameters could prove to be clinically useful biomarkers of response to prazosin.
Published CPGs strongly support prazosin use for insomnia, which occurs in 60 to 90 percent of Veterans with PTSD [15] [16] . Additional advantages of prazosin include the fact that there are few associated side effects and the medication is not known as a "psychiatric medication," a term that has been shown to negatively affect patient treatment acceptance [17] . In conjunction with the low cost and broad appeal to nonmental health providers, prazosin is also effective in managing other common medical comorbidities (e.g., BPH and hypertension) and therefore presents an opportunity to decrease treatment burden.
In face of its potential benefits and few drawbacks, the clear persistence of geographic differences in prazosin prescribing since 2004 does remains somewhat troubling. In addition to the factors discussed previously pertaining to the theory of innovation diffusion, others could account for the observed differences. For instance, there may be a lack of individual facility-level champions to promote prazosin use in patients with PTSD by disseminating published efficacy data as well as the dosing schedule for prazosin. It is also possible that providers know about published findings and the VA/DOD CPG but believe the efficacious use of prazosin in PTSD is limited because of competing medical comorbidities or burdensome side effects related to comorbidity. Finally, because the VHA/DOD has not yet endorsed prazosin for routine use for the management of global PTSD symptoms, some prescribers may simply be reluctant to routinely recommend prazosin [2] .
We acknowledge that this work replicates the somewhat unexpected finding reported by Hermes et al. [9] , which reported the small decline in the prevalence of prazosin in the Puget Sound VA Health Care System. This finding is mirrored by the less aggressive daily prescribing of prazosin noted in the current study. To address these findings, our team personally communicated with the local champion * in the Puget Sound region who shared that (1) during the period we analyzed he had stepped down from his clinical leadership position and (2) the team's clinical experience indicated that prazosin was beneficial only for Veterans with PTSD who reported traumatic nightmares or who exhibited excessive adrenergic clinical symptoms. This provocative observation suggests that future research will find that prazosin use is best for an adrenergic phenotype of PTSD.
† As a result, Puget Sound clinicians became more selective and began prescribing prazosin only for PTSD patients with pronounced adrenergic tone, rather than for all PTSD patients as they had in the past. In addition, they found that moderate doses of prazosin (e.g., divided doses totaling 6-8 mg/d) seemed to be as effective as higher dosing ranges (e.g., >16 mg/d) in many Veterans.
There are several limitations of this study. First, the selection of Veterans with PTSD was based exclusively on diagnosis codes extracted from administrative databases, a fact that may introduce some error in actual PTSD diagnosis [18] . Second, we do not know whether prazosin was obtained from non-VA providers. It is unlikely that we would identify such a large differential in prazosin use even in the face of a possibility that Veterans living farther from Puget Sound may have been more likely to receive prazosin therapy from non-VA providers. Finally, we cannot be certain that prazosin was prescribed for PTSD and not for competing indications such as hypertension or BPH. However, prazosin use for these indications was infrequent in the VHA over this time period and is highly unlikely to fully account for the presence of a prevalence gradient radiating from Puget Sound. Further, the same phenomenon is true for SSRI/ SNRI and benzodiazepines (e.g., SSRI/SNRI use for depression, benzodiazepines use for panic disorder).
CONCLUSIONS
Prazosin is an effective and well-tolerated agent to manage PTSD-related sleep disorders and has shown some efficacy for the management of global PTSD symptoms. Even if we combine our findings with those of Hermes et al. and Harpaz-Rotem et al. [9] [10] , there is a persistent geographic gradient for utilization and dosing of prazosin for Veterans with PTSD. Demonstration of the pattern of geographical distribution is limited to prazosin and is not reflective of other PTSD pharmacotherapies. Further efforts to improve the dissemination of prazosin seem warranted. Dissemination of the recent findings of Raskind et al. [3] , which predict a favorable response to prazosin, may facilitate its use by mental health providers more distant to Puget Sound. 
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